Abstract: This manuscript examines from the diurnal convection cycle (CDC) to the interdecadal variability in the region of the Peruvian Altiplano (RAP). Currently, estimating precipitation using satellites is an alternative which can be used to study the spatio-temporal evolution of precipitation systems. Herein CPC data Morphing technique -CMORPH was used between 2002 and 2014 to analyze the CDC in RAP. The CMOPRH data were compared with rainfall data series measured by rain gauges of meteorological stations (EMS) in the RAP. The results indicate that the CDC shows high variability in the Titicaca Basin and is associated with patterns of lake breeze (day), land breeze (night) and mountain -valley circulation. The CDC starts at 1800 HL (local time) in the northern region of Lake Titicaca, lasting between 2 h and 6 h, and most of 2000 HL. The CDC over the dry surface (ST) of Titicaca Basin starts early at around 1200 HL, lasting 4 h to 7 h, and maximum at 1800 HL.
Introduction
The Peruvian Altiplano Region (PAR), is a geographical area of high plateau morphology, located on the 3810 meters of altitude. It is surrounded by the western and eastern ranges of the Andes, and the drainage is part of a great fluvial system, integrated with the basins Poopó, Coipasa, and Uyuni, all of which have acommon collector in Lake Titicaca (LT) [1] (Figure 1 ).
Used the HadRM3 and ETA CSS models to simulate temperature in two scenarios: A2 (High concentration and CO2) and B2 (Low CO2 concentration), temperatures increase between 2°C to 4°C, and to a maximum value of 6°C, in the northern region of Lake Titica by the year 2100. Unlike temperature trends, whih are clear [2] . Rainfall may decrease slightly over the PAR, but the patterns are not clearly defined. For example, in austral summer, in the southwestern part of the TL, a decrease of the precipitation up to 6 mm/day is observed [2] . However, observed trends show systematic precipitation increases in the western RAP slope as well as reductions in the eastern, southern and central slopes [3, 4] . Figure 2 shows the variability of the LT bottom, according to Blanco et al [5] , the greatest depths are found in the northern region, with a maximum value of 275m. The extension and the volume of storage are: 8400 km2 and 932.000 million cubic meters respectively, according to the information granted by the Binational Authority of Lake Titicaca (ALT).
Figure 2.
Bathymetry of Lake Titicaca, the scale in colors represents depth in meters. Adapted from Blanco et al. [5] .
The topography of the LT basin is typical of a mountain basin, where the portion of the Altiplano is mostly covered by the lake water (Figure 3 ), which is surrounded by the Eastern and Western Cordilleras. The eastern slope is quite irregular, with moderate to high slopes, the western slope has moderate to moderate slopes and mountains interspersed with very low peaks compared to the eastern mountain range where the maximum altitude is 4431m. Figure 3 . Elevation map of the Lake Titicaca basin. The Eastern Cordillera stands out for having the highest altitudes that reach up to 4431m. Extracted from Blanco et al. [5] .
The lake is supplied by rainfall (47%) and river water (35%), mainly by the river Ramis [6] . The lake loses water by evaporation (91%) and at the control point in the Desaguadero River (9%), the average annual temperature in the lake basin fluctuates between 7 and 10 ° C [6] .
Drought is an extreme global climate event with major societal and economic consequences for millions of people in the world, especially in arid and semi-arid regions [7, 8] . How patterns of drought are changing as the climate changes has been the focus of several recent studies, but the answer remains unclear.
The main objective of the study is to study and understand the development of the CDC in the Lake Titicaca basin in order to contribute to the prediction of severe precipitation events in regions that do not have weather stations. Based on high spatio-temporal resolution data from the CPC Morphing Technique -CMORPH, Joyce et al [9] , for the period 2002-2014.
Experiments
To carry out the CDC study, the period between January 2002 and February 2014 was chosen (according to the availability of CMORHP data). Based on this period, associated events were selected with intense convective systems and analyzed with the outputs of the Advanced Regional Prediction (ARPS) model. The objective was to better understand the development of convective events in the PAR and the LT.
The observed precipitation data (OPData) registered in the surface stations that are distributed in the PAR were also used. The selected period is the same period as the CMORPH data. The objective was to compare with the data from the CMORPH on a seasonal and annual basis. 
Analysis of observed data
The series of observed data includes the data of historical series of measurements in rain gauges and rainfall recorders in the RAP, which were selected according to spatio-temporal availability.
The preliminary survey of the rainfall posts in the RAP showed that in an area of 61,102 km2 there were 43 rain gauge stations, which gives an idea on average, one station every 1420 km2. Therefore, this calculation does not consider the analysis of data availability in each position for the period compatible with the CMORPH data. Once the selection was made, 34 stations remained ( 
Analysis of precipitation estimates in CMORPH
In this work, the series of precipitation estimates derived from the CMORPH for the period from January 2002 to February 2014 were analyzed, in order to recompose the precipitation field of the CMORPH and to explain graphically the CDC in the PAR.
Maps of precipitation estimates were generated for 24 hours (at a time level), to observe the formation and development of convective events for the austral summer. The maps were generated in three domínios: (a) region of the Andes mountain range, (b) the Altiplano region and (c) the TL basin. Figure 5. 
Statistical tests
Due to the complexity of the precipitation, there are several statistics that allow the accuracy to be evaluated whether a certain estimate is good or not. Consequently, in this work, the evaluation is given by a set of statistics.
According to what was exposed for the observed and estimated rainfall data, conventional statistics were calculated, such as average, maximum, standard deviation and graphs, such as histograms, spatialization maps of observed and estimated rainfall, and even comparisons between rainfall and rainfall. .
The evaluation by quantitative statistics was applied in the point-to-point comparison and in the analysis between the specialized areas of data estimated and observed in each of the 34 stations in the PAR. The point-to-point comparative analysis is a direct comparison between the series observed in the pluviometric position and the series generated by the CMORPH estimator in the pixel in which the station is located, remembering that each pixel has approximately 49 km2. By virtue of being a direct method, in which the series estimated in the pixel is compared with the series of the respective position, it serves for a preliminary analysis, because it has a tendency to present results with correlations (r) inferior to the interpolation method . This is due to the fact that the rainfall is a point estimate, while the CMORPH represents an average estimate in the pixel. 
Calculation of the Bias
To evaluate the quality of the CMORPH data, the average bias for the austral summer for each surface station and the CMORPH data in the selected period was calculated. The mathematical definition of the bias is the following:
Where N is the number of months; Pi is the value of the CMORPH at the grid point valid for a certain instant and for a specific observation station; Oi is the corresponding observed value. The bias calculation is quite simple and intuitive; if the range of values varies from + ∞ to -∞ adjust equal to zero.
Correlation coefficient
Equation 2 represents the linear association between rainfall estimates by CMORPH and rainfall.
Pi being the precipitation observed at time i; P is the average precipitation of the series; Zi, the rainfall estimated by the CMORPH at time i; e Z is the average precipitation of the CMORPH. This coefficient assumes values between -1 and 1. r = 1 means a positive perfect correlation between the two variables. r = -1 means a perfect negative correlation between the two variables. This refers, if one increases another always decreases. r = 0 means that the two variables do not depend linearly on each other. However, there may be a non-linear dependency. Then, the result r = 0 must be investigated by other means.
Analysis of the day cycle of the Convection
In order to investigate the daily distribution of rain over RAP, the phase concept will be defined, in order to study the characteristics of the diurnal cycle of austral summer precipitation.
The phase of the diurnal cycle refers to the period of time during which the peaks of precipitation appear. Given that solar radiation is the dominant factor that generates the diurnal cycle of meteorological variables, the rate of precipitation estimates is in Coordinated Universal Time (UTC) and were converted for the local time (LTime), from this time used refers to the LTime.
To have a greater ease of analysis to the data set of the CMORPH, averages were made and accumulated for the austral summer of the period from 2002 to 2014, plotting graphs and analyzing the time of occurrence of the convective events and the peak hours of the extreme values of precipitation in the diurnal cycle.
Seven sub-regions were selected using criteria of similarity in the seasonal rainfall regime to better understand and explain the CDC in the PAR, due to the complexity of the study area which includes islands, mountains, basins, Peruvian altiplano and the lake Titicaca. These seven sub-regions are presented in Figure 6 ; four of them are in the continent and three in the lake. 
ARPS model
The ARPS (Advanced Regional Prediction System) weather model was created by the CAPS (Center for Analysis and Prediction of Stroms) at the University of Oklahoma. This model is appropriate for the assimilation of meteorological data necessary to the characterization of meteorological systems of interest. According to Xue et al [10, 11] . Table 2 shows the set of variáveis that the ARPS model solves explicitly and that are independent of the Cartesian coordinates (x, y, z, t), and together make up the equations of the dynamics of the fluids. Other variables are generated after the post-processing, which are found in table 3. 
Results

CMORPH -observed values
 Punctual rainfall assessment
In this stage, the series of precipitation observed in the pluviometer was compared directly with the estimated series of the CMORPH in the respective pixel in which the pluviometer is located, remembering that each pixel has an area of approximately 14 Km² and the rainfall estimates derived from the CMORPH is generated from the average of the entire pixel.
Considering the spatial limitation, the methodology constitutes a preliminary evaluation between the values estimated by the CMORPH and the observed data. For the comparison the 34 pluviometric positions (observed and estimated) were chosen. 
precipitación (mm)
CMORPH Observados
 Evaluation between precipitation fields
To make a more realistic comparison, the precipitation field estimated by the CMORPH was compared with the field generated from the interpolation of rainfall observed through the methodology of linear multiple regression, where the variable of the topography is included.
 CMORPH qualitative analysis Figure 9 (a) and (b) show the spatialization of the average annual precipitation (CMORPH and observed), in general CMROPH managed to represent the spatial distribution of precipitation compared to the map of observed data. The northern region was highlighted by the color similarities of precipitation intensity, probably due to the higher density of pluviometer points. This higher rainfall density makes the observed precipitation surface (generated by the interpolation of rainfall data) more accurate, and therefore there is a greater coincidence with the CMORPH. On the other hand, for the Lake Titicaca region it has very low values for the observed data.
For the austral summer (c) and (d), in general, the spatialization of rain by the CMORPH manages to represent the distribution pattern of the rain, but the values of the CMORPH are below the observed values. Recalling that the highest values of rainfall observed are presented in the Lake Titicaca region and when making a qualitative comparison with the estimates of the CMORPH, it was observed that the highest values of rainfall estimates are found in the center-east and southeast regions.
 CMORPH quantitative analysis
The index presented in this analysis is the bias, which represents the difference between the precipitation estimates and the observed precipitation. In general, CMORPH presented a high percentage of underestimation for the annual cycle (300% on average), and (78% on average) for the austral summer.
Estimates of precipitation from CMORPH, a method that uses a much wider range of information sources, were able to estimate on average only 43% of the total volumes of rainfall for the austral summer and an average of 58% for the period annual. Table 4 presents the values of the correlation coefficients for the austral summer (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , where, coincidentally, of the 34 pluviometric points 50% (17) has a linearly positive dependence and the other 50% presented a dependence linearly negative. 
Precipitation climatology
The results show a non-uniform distribution of rainfall estimates over the region of our interest (Figure 10 ), this is due to the presence of the Andes mountain range, which has a greater influence on rainfall patterns in the RAP. The maximum precipitation has a presence on the north and east outside the TL basin (green, yellow and orange colors), which is generated by the presence of the mountain chain which acts as a natural barrier, restricting the entry of moisture from of the Amazon.
The CMORPH manages to identify the Foehn effect, remembering that the topography forces the ascending air mass, condensing the water vapor and giving rise to orographic rains. To the leeward, the dry air rapidly decreases, increasing atmospheric pressure and temperature (Foehn effect), due to the high spatial resolution. Humid air from the Amazon generates generation on the side of the barlavento which causes insufficient supply of water vapor on the leeward side.
These results were also obtained by Xin-Xin [13] , who used satellite data from CMORPH and TRMM on the South and East Asia region. [14, 15, 16, 17] . But considering its limitations of thick resolution of the TRMM, the use of the CMORPH with high resolution, temporary space, shows a better spatial and temporal distribution of rainfall estimates during the CDC for the austral summer (DJF). Figure 12 shows the scheludes and zones where the precipitations occurred. During the early morning period the occurrence of rains is on the TL in the hour from 2: 00h until 6: 00h, where the maximum values for that period of precipitation occur at 3: 00h and 4: 00h in the region north of the TL.
The circulation of the end of the night, with the air coming from the continent to the lake, genera a front of terrestrial breeze with upward movement on the lake. In some cases it is possible to observe the formation of clouds and cores of precipitation estimates. In the analyzed figures it is possible to observe the presence of seasonal convective systems of smaller extensions over the TL region. Both the northern and southern part of the convective events highlight the northern zone as the region where the most important values of rainfall estimates are presented.
To the northeast of the TL basin you can see the presence of convective systems restricted by the Andes mountain range. It is clear to observe the effect of the CA where it develops the maximums of the precipitation well located along the east slope of the same on the west of Bolívia.
In Figure 12 , you can see the formation and development of convective systems around the TL in the afternoon period, which is related to the local circulation of lake breeze from the lake to the continent. At 1:00 pm, it is possible to observe the formation of clouds on the continent. With the displacement of the breeze front within the continent, the propagation of a nebulosity band is observed, easily verifiable in the images generated with the CMORPH data (1:00 p.m. and 2:00 p.m.). This type of circulation is the most active during the period of the day because it increases the solar heating and also the pressure gradient, which generates the most intense winds on the surface that helps the sea breeze reaches its maximum value.
Due to the presence of the mountains, the sea breeze is forced to the ascent and the humidity contained in it to achieve clouds of great vertical development. The first convective systems occurred due to the forcing of the valley-montanha circulation and the occurrence at solar noon or in the first hours of the afternoon (13: 00h and 14:00h, our case), when the radioactive heating is maximum. Similar results were obtained by [18, 19, 20, 21] . 
R5
R7
The regional characteristics of the CDC during the austral summer were analyzed, in that sense seven relatively typical sub-regions based on the rainfall behavior were selected.
In Figure 4 .11: Region 1 -Puno; Region 2 -Chuquibambilla; Region 3 -Munani; Region 4 -Lagunillas; Region 5 -Suana Island; Region 6 -Taraco; and Region 7 -Taquile Island. This criterion shows better the regional difference of the diurnal cycle of convection in regions 4, 5 and 6 we have the presence of the semi-diurnal cycle with well determined period of 7 to 9 hours.
For the other regions, the diurnal cycle is dominant and the maximum peaks of precipitation estimates are consistent with the results shown by Xin-xin et al [13] . Three convective events were analyzed, from which the case of January 15 -19, 2014 is presented, the rest is included in the appendix, this convective event was associated with high accumulation of rainwater in the soil, which originated landslide and blockade of access to the municipality of PharaSandia. Available at: http: //www.radiolibertad.con .pe / landslides-and-rains-affect-to-the-provinceof-puno /. Access on 05/21/2014.
The use of the outputs of the ARPS model was used in order to understand the patterns of local circulation that are involved within the CDC. In figure 15 , it shows the complete period of the diurnal cycle simulated by the ARPS. The vertical cut of relative humidity and vertical velocity shows that in the early morning period the humidity is above the TL, and due to night cooling, the earth -water interface begins to act according to forced thermal circulations bringing air from the continent for the TL, the terrestrial breeze front, with upward movement on the TL can develop and generate convective events noturnos.
At the beginning of the morning, due to the heating of the slopes with orientation to the east, the winds cross the Andes montains in the west direction. The air located on the slopes of the western mountain range increases its temperature and begins to rise causing anabatic winds to the top of the elevations, this type of movement creates compensation subsidence on the TL, besides them, the presence of winds is easily observable Kabbats remaining from the previous night which persists until 09: 00h, this is because the hillside is not illuminated in the early hours of the day.
From 10: 00h you can see the coupling of the lacustrine and valley breeze circulation, with the advance of the hours the intensification of this type of local circulation increases the potential of formation of clouds and convective rains in high altitude places of the Western montains.
Convective events begin around 1:00 pm with a duration of approximately 5 to 6 hours. The convective system formed by this type of coupling is managed to move in the direction east getting to reach its maximum development at the edge of the TL. After reaching the maximum values, the winds decrease at the end of the afternoon and the beginning of the night with the solar decrease.
The remaining moisture is transported to the TL by local mountain circulation and land circulation. This type of flow coming from the continent to the Lake causes convective rains in the early morning hours. The maximum value of convection occurs in the middle of the Lake at 05: 00h. 
Conclusions
The estimated annual average precipitation, for the selected period, was 481.8mm representing 33% less than the observed value (719.5mm), the value of the Pearson correlation for the average monthly precipitation was 0.89, thus, it is observed a high relation between the observed value and CMORPH. For a better understanding, pluviometrically homogenous regions were obtained by means of climatological analysis.
The results indicate that the CDC presents high variability in the Titicaca watershed and is associated with lake (day), terrestrial (night) and valley -mountain breeze circulation patterns. The CDC starts at 0200 LT (local time) in the northern region of Lake Titicaca, lasting from 2 h to 6 h, and maximum at 0600 LT. in the terrestrial surface (ST) of the Lake the CDC starts earlier around the 1200 HL, with duration from 4 h to 7 h, and maximum at 1800 LT.
The rainy weather patterns in both the continent and the lake were explained better by the outputs of the ARPS model, where it is clear to see that the convective events are influenced by local circulations (terrestrial-lake breeze and valley-mountain breeze). Similar results were obtained by Xin-xin [13] .
In the analysis of the event from January 11 to 15, 2014 it was observed that the greatest source of humidity is Lake Titicaca and local circulation valley -mountain generated in the western mountain range of moisture in smaller quantities which helps in the formation and development of convective systems in the beginning of the afternoon.
